Free jets diffusing in a flocculation chamber can provide the requisite motion to suspended particles which help to form flocs. Experiments show that the efficiency of removing turbidity of raw water in a jet flocculator is as good as that of conventional flocculators fitted with mechanical stirrers. For small capacity water treatment plants the jet flocculator seems to be a viable design alternative devoid of operational problems associated with mechanical stirrers. A minimum retention time of ten minutes was found to give satisfactory results. The effects of design parameters like the length of the basin, the jet diameter, basin shape and the location of the outlet section have been investigated. New indices have been introduced to explain the differences noticed in the efficiency of flocculators. The investigations involve numerical simulation as well as select experiments.
Introduction
Simple sedimentation and direct unaided filtration are not practical in water treatment plants when the untreated water is laden with clay and other organic detritus. In order to accelerate the removal of the suspended particles, the raw water needs to be coagulated and flocculated so as to create large aggregates which can settle easily. Addition of a chemical such as aluminum sulfate, followed by rapid mixing, results in the destabilization of the charged suspended particles. The destabilized colloidal particles are brought together by the action of a gentle and prolonged mixing, a process popularly known as flocculation. The existence of velocity gradient in the suspension is essential to promote particle movement. It results in permanent bonding of the particles, growth of the flocs and ultimate settlement of the suspended particles. Mechanical and hydraulic methods are often used to create an agitation in the flocculation chamber thereby maintaining a velocity gradient. This stage is called the orthokinetic flocculation.
As per the performance evaluation survey conducted by National Environmental Engineering Research Institute (NEERI), Nagpur during 1988e89 on 51 water treatment plants in India, it was found that effective supervision and managerial control are absent in most of the plants (Mhaisalkar and Tidke, 1998) . Only 39% of the plants were producing quality water meeting the CPHEEO standards. The reasons quoted for this poor performance are the lack of funds for operation and maintenance, non-availability of spare parts, untrained laboratory staff, poor administration, negligence by the staff and improper co-ordination between the staff.
Conventional water treatment plants are not necessarily cost effective, specifically for smaller unit of capacity 2e 3 MLD. The flocculator is an all important unit of the water treatment plant and more often fitted with mechanical stirrers or vanes. The problems associated with maintenance and running of the mechanical components impose a severe constraint on such units, specifically in developing countries of Asia Pacific region. It is therefore necessary to explore and find other simpler devices free from such constraints. The jet flocculator seems to be a viable alternative. Guidelines for preliminary design of a jet flocculator are not available even though it is simple, economical and robust to operate. Hence, the present investigation is directed to study the performance of single-basin jet flocculators using both experimental and numerical techniques. A number of performance indices, some already existing and some new, are being made use of in assessing the performance of the flocculator.
The aim of designing mixing chambers of water treatment plants, also known as reactors, is to get a completely mixed flow or a plug flow depending upon the requirements. Coagulation process will be efficient when the added chemical is mixed completely and as quickly as possible. On the contrary, the flocculation process is efficient if all the destabilized particles in suspension move as a plug flow. In both processes a common requirement is that the dead zone should be nearly absent. In reality it is extremely difficult to attain the ideal condition and a fraction of every type of flow, i.e. mixed flow, plug flow and dead zones appear in a reactor.
The primary objective of the flocculator is to remove the suspended particles which cause turbidity. When a higher percentage of the suspended particles can be settled down, the flocculator is said to be efficient or performing better.
Flocculators fitted with mechanical stirrers have on an average turbidity removal efficiency of approximately 70%. Camp and Stein (1943) introduced a RMS velocity gradient parameter G defined as follows.
P ¼ the power expended in the chamber containing a fluid of volume V having a viscosity m.
For the flocculator, i.e., slow mixing chamber, to perform in a satisfactory fashion the G value in the design should lie within a specified range that has been decided based on experience. For example, in case of flocculators with mechanical stirrer, G values should lie in the range 20 s À1 to 70 s À1 for a retention time of around 15e30 min (Camp, 1955) . It was also realized that the time T available for the flocs to form in the chamber is also a significant parameter. Thus, another more meaningful parameter, GT, came into existence. This parameter, known as Camp's number, is dimensionless and for aluminum based coagulants the value should be between 20,000 and 60,000.
The nature of flow that occurs in a flocculator can also be assessed based on other indices, one such being the Morrill Index (MI).
t 90 ¼ time required for 90% of the total tracer present in the chamber to cross the outlet section, and t 10 ¼ time required to pass 10% of the tracer. For an ideal plug flow MI ¼ 1, and for a completely mixed flow MI ¼ 21.9. In the past the hydraulic efficiency of a sedimentation tank was adjudged by the percentage of the plug flow, the mixed flow and the dead space that appeared in the chamber, Rebhun and Argaman (1965) . The same approach is followed here for the flocculation chamber to explain the differences observed in the performance for different shapes of the tank.
The present investigation concerning the performance of jet flocculators can be broadly divided into two distinct phases. In the first phase experiments were conducted to arrive at suitable shape of the flocculator and the location of the outflow section. The small variations observed in the performance of different layout of the unit are explained on the basis of the performance indices such as G, GT and MI. In order to have a more in-depth assessment of the performance of the jet flocculator, new indices are introduced. The difficulty with these indices, evident from the way they have been defined, is that knowledge about the turbulent shear stress at different points in the flow domain is essential as an input. To obviate the difficulty of extracting the information from experiments, the flow in the flocculation chamber is simulated using a CFD software package, FLUENT version 6.1, validated for a variety of flow fields. Adopting the results of the simulated turbulent flow, the second phase of the investigation offers plausible 
Experimental set-up and experiments
The main components of the set-up consisted of a tank to store the turbid water, a constant head supply chamber, supply pipeline fitted with pressure taps and a bypass pipe, an orifice meter in the supply line to aid mixing of coagulants injected into it by a peristaltic pump, manometers, flocculation chamber having a nozzle fitted at the inlet end and a suitable overflow mechanism at the outlet end.
Preparation of the turbid water was quite crucial since the synthetically generated turbidity should be quite close to the natural condition. Turbid water in nature contains particles of different sizes and specific gravity. As observed by Hudson (1965) , most particles causing turbidity in natural channels are smaller than 10 mm while a majority is smaller than 1.5 mm. A particle distribution carried out in the present investigation on Kaolin soil showed that 64% of the particles were smaller than 2 mm and 84% were less than 10 mm in size, the specific gravity being 2.65. Throughout the present experimentation, Kaolin soil was therefore used to generate different levels of turbidity of 100 and 50 NTU.
Tap water available in the laboratory had a turbidity of less than 2.3 NTU. The amount of Kaolin soil required to generate different intensities of turbidity in a sample was found to vary in a linear fashion, Kaolin soil in mg=L ¼ 0:9179 Â turbidity in NTU À 0:2809 ð3Þ
Standard jar-tests were carried out with the objective of estimating the optimum concentration of the Aluminum Sulfate needed for removal of the suspended matter. The optimal Alum dosage (in mg/L) necessary to treat raw water was 43.75, 37.5, and 33.0 for turbidity intensities of 100 NTU, 50 NTU and 25 NTU, respectively. Raw-water alkalinity (CaCO 3 in mg/L) was noted every day before the start of the experiment and was found to be almost the same, 40 mg/L, throughout the period of experimentation. However, addition of the coagulant altered the alkalinity. Samples of water taken from the jar for the highest dosage of the Alum used in this investigation had alkalinity in excess of 10 mg/L, sufficient not to hinder the formation of flocs. Similarly, other characteristics of water, especially, the pH values have a considerable influence on the satisfactory formation of flocs. In the present investigation the pH of the synthetic turbid water was in the range of 7.6 to 7.8. The recommended pH zone while using Alum as a coagulant is 6.8 to 7.5. The two ranges being not very different, no additional chemical was used in the experiments to control the pH level. The temperature of raw water in the experiments was in the range 27
C to 28 C.
When required, the coagulant was injected into the supply line ahead of the jet nozzle with the help of a peristaltic pump. The peristaltic pump discharge was calibrated to improve the accuracy of the results. The flow rate and the operation time parameter of the peristaltic pump were pre-set at the desired values. A digital pH-meter was used to determine the pH values of the raw water. The instrument was calibrated making use of 4.0 and 9.2 buffer solutions prepared at regular intervals. Similarly, turbidity meters were calibrated with a standard suspension. In the Nephelometric method followed here, a comparison of the intensity of light scattered by the sample under specified conditions was made with the intensity of light scattered by a standard reference suspension. The least count of the turbidity meter was 0.1 NTU.
For conducting tracer-studies in the flocculation chamber, laboratory grade common salt was used as a tracer and its concentration in samples was measured with the help of a high precision digital conductivity meter. The meter was calibrated, had a least count of 0.1 micro-mhos/cm, and the conductivity of water was displayed directly. Based on the measured conductivity of the sample, the concentration of sodium chloride was worked out from the calibration curve corresponding to the test temperature. For every tracer experiment, a separate calibration chart was prepared before commencing the experiment.
The turbidity meter, pH meter, conductivity meter and the peristaltic pump were always calibrated just before start of an experiment. Further, experiments were repeated 3 or 4 times for identical test conditions and the average values of the measured quantities were used in the analysis.
Details of the flocculation chamber showing the type of outlet provided are depicted in Fig. 1 . The dimensions of flocculation chambers are presented in Table 1 . The volume of the first three basins was 0.0883 m 3 . However, basin 4 is larger and had a volume thrice as much. The type of outlet in basin A and B was weir type, whereas the C type outlet was a circular opening of size 50 mm in diameter. Though, all alternative basin layouts were adopted for numerical simulation of the flow field and dispersion of tracers, some amongst them were only selected for experimentation on flocculation and turbidity removal efficiency. It should be realized that ultimate performance of a flocculator depends upon both coagulation and flocculation. Hence, it will be meaningful to segregate the effect of rapid mixing to assess properly the role of different design parameters on the performance of a flocculation chamber. It was observed that as long as the GT values of the rapid mixing device lay in the range of 10,600 and 18,800 the performance of the flocculation chamber remained unaffected. Hence, in all the flocculation experiments of the present study, care was exercised to maintain the GT of rapid mixing within the said range.
For each of the flocculator basins under consideration, on adding the coagulant the residual turbidity reached a steady state value after lapse of four to five times the theoretical retention time, T ¼ (volume of the basin)/(flow rate Q). Hence in all the flocculation experiments water samples were collected in settling jars only after a lapse of 5.5 times the residence time. The samples were allowed to settle for a period of 30 min in the settling jar before measuring the residual turbidity.
Hydraulic retention time
Experiments were conducted with basin 1A for two different jet sizes of 8 mm and 9.6 mm in diameter. Retention time equal to 6, 7.6, 10, 15 and 20 min were selected while repeating the experiments. Parameters like Camp number for rapid mixing (GT ¼ 10660), coagulant dosage (¼43.75 mg/L), influent raw-water turbidity (¼100 NTU), total alkalinity (¼40 mg/L of CaCO 3 ) and pH (¼7.7) value were held constant in all the trials. The variation in the residual turbidity as a function of the retention time is shown in Fig. 2 . For both sizes of the nozzles used, the improvement in the performance of the flocculation tank is insignificant for a retention time exceeding 10 min. The same was also observed to hold good in case of the 50 NTU turbid water experiments. Hence, for free-jet-flocculators a retention time of 10 min may be sufficient. It is worth noting that this is only a fraction of the retention time of 30 min, normally recommended for flocculators having mechanical devices. Further, even when a higher jet velocity of 2.93 m/s was adopted, the residual turbidity of the effluent water was nearly the same. Thus, jet flocculators can have a lot of flexibility in its operation and can operate efficiently to meet variable water-demand patterns.
In Fig. 2 one can notice that the larger jet, 9.6 mm in diameter, performs marginally better than the 8 mm diameter jet even though it has smaller values for G and GT. This highlights the fact that the performance of the flocculator is not
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All dimensions are in mm. sensitive to the G and GT values, specifically when they are in the range of 30e85 s À1 and 23,000e50,000, respectively. The actual flow mechanism that prevails in the chamber, resulting in such behavior, can be better understood by numerical simulation of the flow field.
The results of experiments on rectangular basin no. 1A, 1B, and 1C considering Camp's number, GT, as the guiding factor are shown in Table 2 for different sizes of the jet diffusing in rectangular and circular tanks. For brevity, only one influent raw water turbidity of N o ¼ 100 NTU is presented here. Similar performance behavior was observed for other N o values like 50 and 25 NTU. Since the chambers are fairly large in size compared to the diameter of the nozzle, the power input was calculated from the relationship
Effect of basin shape
With the 8 mm diameter nozzle, the L/d ratio for the circular basin was 62.5 whereas in case of the rectangular basin it was 55.4. From the theory of free jets it is known that most of the kinetic energy of the jet gets dissipated within a distance of 40 to 45 times the diameter of the nozzle. Hence, it will not be unreasonable to assume that the energy loss in both the chambers is one and the same. It is interesting to observe that the performance of the rectangular basin is almost identical to that of the circular shaped basin. This is in conformity with the experimental results of Suresh Kumar (1997) who had concluded that the shape of the flocculator is of no consequence. His experiments included many more plan shapes like, a pentagon, a triangle, a rectangle and a circle.
A significant increase in the L/d ratio, as in case of the rectangular basin number 3, does help a bit to improve the turbidity removal efficiency. In view of the fact that rectangular chamber are easy to construct and changing the length of the tank is also easy at a later time, a rectangular shaped basin has a distinct advantage over other shapes. Interestingly, the performance of the free jet flocculator is comparable to the actual performance, 69e74% turbidity removal efficiency, reported by Bhole (1993) and Armal (1997) for static flocculators and clariflocculators, respectively.
The observation that the plan shape of the flocculation chamber has almost no role in controlling the turbidity removal performance looks paradoxical. However, based on the simulation of the flow field within the chamber, it is possible to examine this unexpected outcome as discussed subsequently.
Location of outlet
The outflow section could be located at a convenient spot on the periphery of the chamber. The three alternatives experimented with are shown in Fig. 1 . The experimental results, Table 2, indicates that outlet 'C' performs superior to alternatives 'A' and 'B'. Further in all the cases, performance of a 12 mm diameter jet proved to be slightly better than 8, 9.6 and 15.1 mm diameter jets. Results pertaining to basin 1A are only shown in Table 2 . The value of G for the 12 mm jet corresponding to a retention time of 10 min works out to be 38 s À1 . This value is comparable to the optimal value of G equal to 42 s À1 suggested by Andreu-Villegas and Letterman (1976). Even increasing the retention time to 15 and 20 min by lowering the jet velocity did not improve the performance as the large sized flocs were fragile. Thus, for a jet flocculator an optimal diameter exists when the retention time is specified. The same was found to be valid for other raw-water turbidities as well.
The usage of G and GT parameters, though simple, cannot explain the actual performance of the flocculator vis-à-vis the plan shape of the tank and the location of the outlet. Numerical simulation of the flow field can help to identify the local characteristics of the flow which affect the final outcome of turbidity removal. These studies are presented below with the help of new indices to asses the performance of the flocculator.
Numerical simulation
An available CFD code, FLUENT 6.1, which uses the finite volume technique, was adopted in this investigation. Out of the many options available, the Realizable k-3 model was used as it performed better in predicting characteristics of planar and round jets. The computational mesh was generated using GAMBIT 2.1 grid generation software. Grid independent solutions were obtained by trial, changing the sizes of the grids in zones where velocity gradient was large. The total number of cells was approximately equal to 3.3 Â 10 5 in each of the tanks. As the size of the cells was very small, its effect on the computed local velocity gradient can be considered as insignificant. Further, the two equation turbulence model gives the values of the turbulent kinetic energy dissipation rate 3 at the center of each cell. Hence, the local velocity gradient G L can be evaluated from the following equation ( 
As a prelude to the determination of the percentage of the plug flow, the mixed flow and the dead space in a reactor making use of the numerical technique, it is worth noting the good agreement between the computed values and the experimentally observed values as shown in Fig. 3 . In the experiments the tracer was injected as a slug flow and the concentration of the effluent at the outlet was recorded at intervals of 30 s.
New indices
Three new indices are introduced to explain the dependence of the performance of different flocculators on the kinetic and geometric properties. The three are briefly described below.
Spatial distribution of G L and proportion of high G L zone (V h )
The spatial distribution of the turbulent kinetic energy dissipation rate is likely to play an important role in the formations of the flocs. The performance can improve if the intensity of the local velocity gradient, G L /G, is evenly distributed over as large a volume as possible. It will ensure better utilization of the input energy and simultaneously prevent shearing of the flocs formed. In case of a mechanical stirrer, nearly 65e85% of the total energy gets consumed in the vicinity of the agitating blades (Tambo and Hozumi, 1979) . A significant amount of energy too gets dissipated on the surface boundary of the vessel where flocculation does not occur effectively. It has been proposed, the justification being given later, that those zones in the vessel which have the local G L 100 s À1 favor the formation of flocs. In other words, the flocculator should have the least amount of highshear zone. As an illustration, the distribution of the normalized local velocity gradient for Basin 1A is shown in Fig. 4 , corresponding to a residence time of 10 min. An upward shift in the curve takes place for the larger diameter of the jet equal to 9.6 mm. A similar upward shift, not shown here, takes place for a 12.0 mm diameter nozzle as well.
Improvement in the performance of the flocculator for such a larger nozzle is a manifestation of the larger and yet uniform distribution of G L.
Modified Camp number, G u T
The breakup mechanism is related to the Kolmogoroff microscale of turbulence h (Francois, 1987) . When h is smaller than the floc size, the turbulent shear dominates and breakup the flocs. A smaller h is associated with larger kinetic turbulence energy dissipation rate. Hence, by limiting the Kolmogoroff microscale to 100 mm, automatically imposes a limit on the dissipation rate to 3 0.01 m 2 /s 3 . The local values of the dissipation rate in a cell exceeding the limit are not likely to participate in the formation of the flocs. Thus, the average useful dissipation rate, 3 u , can be computed based on the cell values from the following expression.
Where n and DV i represent the number and volume of cells meeting the above criterion. The useful velocity gradient G u can be evaluated from
And the modified Camp number ¼ G u T.
It may be noted that corresponding to 3 ¼ 0.01 m 2 /s 3 the G value works out to be 100 s À1 , a value assigned as the upper limit for the local velocity gradient earlier.
Percentage of energy utilized
The percentage of the input energy to the flocculator that is useful in the formation of the flocs can be computed from the following. 
where n ¼ number of cells with 3 0:01 m 2 s À3 ; 3 av ¼ volume-averaged turbulent kinetic energy dissipation rate; V ¼ total volume of flocculator basin.
A higher value of E is a reflection that a more conducive environment for the formation of flocs exists in the chamber. Numerical simulation of the flow field helps to estimate the value of E from Eq. (8).
Results and discussion
It was shown earlier, Fig. 3 , that the CFD-code was able to predict the concentration of tracer in a flocculation chamber which is in excellent agreement with the measured values for basin 1B. As a follow up, the tracer concentration distribution in other rectangular and circular chambers were also computed. The residence time distribution for T ¼ 10 min and d ¼ 8 mm is depicted in Fig. 5 . For all the cases the distribution is nearly the same and lies very close to the ideally mixed flow regime. Consequently, based on the simulated results the proportion of the dead space for all of them is quite small and is of the order of 2e3%. The implication is that site condition that demand specific position of the outlet can have the same turbidity removal efficiency. However, the measured turbidity intensity of the flow near each outlet reveals that layout 'C' does help to improve the efficiency by about 1.8%. Thus, the method proposed by Rebhun and Argaman (1965) to judge the hydraulic efficiency of the tank based on the proportion of plug flow, mixed flow and the dead zone has limited utility as far as the flocculation basin is concerned.
Out of many sizes and shapes of flocculation basin considered for carrying out simulation studies, results of a few are given in Table 3 . In addition, the information on the distribution of the local velocity gradient, G L , in each flocculator was extracted from the simulation studies. In Fig. 4 we had demonstrated how a larger sized nozzle is capable of improving the efficiency of the chamber as a consequence of the upward shift in the G L /G curve. Let us see if a similar plot, Fig. 6 , for different shapes of the flocculator is capable of offering an explanation on the superiority of performance of one over the other. It can be noted that a rectangular basin should be marginally superior compared to the circular shape. This is in consonance with the measurements, Table 2 , where the efficiency of turbidity removal in case of the rectangular basin is higher by 0.5%. Though the improvement is marginal from a practical point of view, yet the proposed index is able to explain this change. To check if the index G L /G can also help to explain the behavior of the basin when the outlet is located at different places, the index is plotted for basins 1A, 1B and 1C as shown in Fig. 7 . That the layout 1C should result in higher efficiency in removing turbidity, as observed in the experiments, is not reflected by the G L /G distribution. Alternate indices, therefore, need to be explored. Table 3 Results of numerical simulation The original camp number, GT, can be seen to vary over a wide range (Table 3) , even though differences in the removal of turbidity were not marked. Hence, it is difficult to assign any particular value to GT for design purpose. In contrast, if the utilizable energy is considered for evaluating the modified camp number G u T a narrow range of values evolve for which the basin performs well. The variation of GT and G u T for different retention time is shown in Fig. 8 . Even this new parameter is not without limitations. An increase in the diameter of the nozzle lowers the value of G u T, for example d ¼ 12.0 mm of the basin 1A. Yet the turbidity removal efficiency is very good as or even better than the case having d ¼ 8.0 mm Thus, a small utilizable energy which is well distributed throughout the chamber is able to create an environment that helps proper formation of the flocs.
The percentage of the energy which gets utilized for formation of flocs is shown in column 9 of Table 3 . Though for a given size of basin it depends on the diameter of the nozzle used, on an average 10e12% of the input energy gets utilized. All factors remaining the same, basins with a larger retention time, for example T ¼ 20 min, yield a value exceeding 24%. A good design should aim at attaining as high a value as possible for this factor. Consequently, the same performance of removing turbidity can be attained with smaller input of energy to the flocculator. It should be noted that the percentage of utilizable energy, the G u T parameter and the distribution of G L /G are all closely related and are not independent.
From the numerical simulation result (Table 3) it can be seen that the MI values are nearly equal to the value of a well mixed flow (21.9) whereas some are even higher. The higher values are indicative of the existence of flow short-circuiting. For superior performance, the MI value should be as low as possible.
Based on the above discussions it is clear that no single index is capable of assessing the performance of the flocculator which can account for the entire gamut of the design parameters like the retention time, the diameter of the jet, shape of the basin, L/d ratio and the location of the outlet. Of these, the retention time and L/d ratio play a significant role, specifically for L/d 36 (Patil, 2006) . Some of the new indices do help to find the effect of the nozzle size, whereas others provide the explanation on as to why a rectangular shaped basin should perform better compared to a circular one. So is the case as regards the location of the outlet is concerned. Thus, the difference in the turbidity noted in the experiments can be explained by selecting an appropriate index. For design practitioners this exercise may not be easy to conduct. Hence, in the present investigation, certain simple recommendations have been made that can be adopted for application in the field. It can only serve as the starting point. If possible, refinement to the size and other details could be done by simulating the flow in basin. The existing indices (GT, MI etc.) as well as the present proposed new indices, G u T, G L /G distribution, high G L zone and percentage of utilizable energy, should act as complementary. The way all these indices vary with the retention time, T, is being shown in Fig. 9 . It is interesting to note that often when one index is less favorable for the formation of the flocs, a different index works in its favor. As a consequence, the resultant effect leads to a nearly constant residual turbidity of about 23.5% (or efficiency of removal equal to 76.5%) in case of basin 1A. Notwithstanding the limitation of each index individually and their application in a collective fashion, experiments have confirmed that the turbidity of the influent water can be removed by jet action as efficiently as a mechanical stirrer does. As the size of the flocculator needs scale up for application in the field, it is essential to know whether a larger basin can perform as well as the model described herein. Numerical simulation was therefore repeated for a larger flocculator of capacity 3 times larger than the basin 1C. In either cases T ¼ 10 min, U o ¼ 2.93 m/s and L/d ¼ 55.4. Though the Morrill index value worked out to be the same for both chambers, there was a upward shift in the G L /G curve (Fig. 10) for the larger chamber accompanied by a rise of 1.5% in the utilizable energy. These favorable conditions were marginally counteracted by a small increase in the volume (%) which experiences a high shear that can break the flocs. However, taking into account the net effect, larger sized flocculators can perform more favorably.
Conclusions
The outcome of the current experiments and numerical simulation of the flow in flocculation basin can be summarized as follows.
1. The single basin jet flocculator is a very simple, robust, low cost device which is capable of removing turbidity from the raw water in an efficient way. The efficiency of turbidity removal for raw water turbidity of 100 NTU was in the range of 77 to 79, which is as good as that of a flocculator fitted with mechanical stirrers. 2. The retention time for a jet flocculator should be at least 10 min, a figure which is much less than the recommended value of 30 min duration for mechanical flocculators. 3. The length to diameter ratio, L/d should be larger than 36. 4. The plan-shape of the basin is not very critical in controlling the performance of the flocculator. For ease of construction and scope for future alteration, a rectangular flocculator is desirable. 5. The location of the outlet plays a minor role in the overall efficiency of turbidity removal. This aspect can allow placement of the outlet at any convenient location as dictated by the prevailing conditions on-site. 6. By adopting larger diameter nozzles the efficiency of turbidity removal can be enhanced. 7. The existing indices such as G, GT and MI, though useful for design purpose, are not able to explain the variations in the performance of the jet flocculator vis-à-vis the shape, nozzle diameter, L/d ratio etc. 8. New indices like G L /G, G u T and percentage of utilizable energy were introduced to explain the behavior of different flocculators. Even these indices were not sufficient to handle all the aspects related to the performance of the jet flocculator. 9. In adopting the jet flocculator for a new or an existing water treatment plant, the parameter G or GT (23,000 to 50,000) can be used in the design as a starting point. Other proposed indices can only help to refine the design and all the indices, old and new, should be examined together before finalizing the dimensions and layout of the flocculation chamber.
An example is included in Appendix A as an illustration of the design principle of jet flocculators.
